anadromous and stream-resident types. The anadromous type migrates to the ocean in spring after spending 1 or 2 years in the streams. Before the seaward migration, they undergo smoltification, a series of behavioral, morphological, physiological and biochemical changes controlled by multiple hormonal pathways (Hoar 1988) that transform the freshwater parr into a seaward-migratory smolt. After 1 year of life in the ocean, the fish return to their natal stream in spring and spawn in autumn (Kubo 1980; Machidori and Kato 1984; Kato 1991) . For the artificial propagation of masu salmon, hatchery-reared (hatchery) juveniles, originating from artificial insemination and fed a commercial food in hatcheries, are released into streams (Mayama 1992). Effects of masu salmon propagation, which are expressed as the recovery rate of released hatchery seed, are of 0.41 to 2.12% (Miyakoshi 2006) , while the recovery rate of chum salmon artificial propagation was >10% Abstract Anadromous salmonids and osmerids are artificially propagated in Japan by release of their seeds. However, there are many unsolved problems in the techniques of their propagation. In the present monograph, studies on the improvement of seed production techniques in 4 fishes (masu salmon Oncorhynchus masou, chum salmon O. keta, shishamo smelt Spirinchus lanceolatus and Japanese smelt Hypomesus nipponensis) were outlined. Techniques to evaluate dorsal fin pigmentation during smoltification as an external seed quality, and to improve seed quality of hatchery-reared fish, and the discovery of metabolic problems in hatchery-reared fish were described in yearling masu salmon. In underyearling masu salmon, techniques to evaluate nutritional conditions using kidney melano-macrophage density was developed, and applied to the evaluation of the nutritional condition in hatchery-reared fish after release. In chum salmon fry, the development of techniques to monitor the physical condition and to find its appropriate culture conditions was reviewed. In egg cultures of shishamo and Japanese smelt, techniques to eliminate egg adhesiveness with treatments of kaolin or scallop shell powder suspension were established in order to improve hatching rates. In addition, the appropriate embryogenetic stage for the release of shishamo smelt embryos was demonstrated. Consequently, this monograph reveals that these techniques contribute directly to the development of artificial propagation in some salmonids and osmerids.
General introduction
Anadromous salmonids and osmerids including masu salmon Oncorhynchus masou, chum salmon O. keta, shishamo smelt Spirinchus lanceolatus and Japanese smelt Hypomesus nipponensis are important species for coastal and freshwater commercial fisheries in Hokkaido, the northern-most prefecture in Japan. These fish are not always abundant under natural reproduction systems (Nagata and Kaeriyama 2004; Torao 2005a, b; Miyakoshi 2006) . Therefore, these fish are artificially propagated by releasing their seeds in order to increase their stock in various places in Hokkaido (Kusuda and Teranishi 1996; Kaeriyama 1999; Torisawa 1999) .
Masu salmon, which inhabit both Pacific Ocean and the Japan Sea coasts of Hokkaido, spawn in upstream regions in autumn and hatch the winter of the same year (Kato 1991) . The fish are separated into two types: doi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved.
words, masu salmon propagation costs more money compared to chum salmon propagation. It is essential for the sustainable artificial propagation of masu salmon to reduce the cost of seed production by increasing the survival rate of seed.
Hatchery masu salmon are released in two ways. One is called the smolt release method where yearling (1+) smoltified juveniles are released into downstream regions in spring, and the other is called the spring juvenile release method, where underyearling (0+) juveniles are released into upstream regions in spring (Mayama 1992) . One of the keys to increasing survival rate of seed is stocking hatchery juveniles with high seed qualities determined from ethological, physiological and biochemical characteristics. However, seed quality of hatchery juveniles has not been perfectly evaluated in masu salmon. In addition, there has been no attempt to improve the seed quality of hatchery juveniles.
Chum salmon, which inhabit the whole region of Hokkaido, hatch in rivers in winter, and migrate to the ocean the following spring. All of the fish are anadromous. After 2 to 6 years of marine life, adults return to spawn in their natal rivers in autumn (Salo 1991) . In the program, 0+ fry, which were produced in hatcheries in the same way as the masu salmon, are released into the river in spring (Kobayashi 1980 ). However, the increased stock due to the propagationprogram has caused downsizing and aging (Kaeriyama and Edpaline 2004) . This phenomenon is believed to be due to a population density-dependent effect: the growth of chum salmon fry is restrained by carrying capacity, such as the amount of food or habitat size, in the North Pacific (Kaeriyama et al. 2007 ). Hatchery fish have to coexist with wild fish in a narrow carrying capacity. Therefore, biological interactions between hatchery populations and wild populations are being studied (Kaeriyama and Edpaline 2004) . Hilborn (1992) has warned that the excessive release of hatchery fish decreases the genetic diversity of Pacific salmon, including chum salmon. Accordingly, artificial propagation and the preservation of wild populations must be jointly considered in order to preserve the natural balance. Kaeriyama (2002) was concerned about the infection of wild fish by hatchery fish diseases. Considering this background, the reliable production of hatchery fry with good physical conditions is more important than an increased number of released hatchery fry for the sustainable artificial propagation of chum salmon.
Chum salmon fry are intensively cultured in high density conditions in hatchery ponds. In general, intensively cultured fish are commonly under high physiological stress resulting from deteriorated rearing conditions (Patinõ et al. 1986; Papoutsoglou et al. 1987 ). On the other hand, it has been impossible to monitor the physical conditions of hatchery fry cultured in high density conditions, and practical environmental conditions for the culture of fry in good physical conditions have not yet been found.
Shishamo smelt migrate to their natal river on the Pacific Ocean side of Hokkaido in early winter to spawn (Hikita 1930 (Hikita , 1958 . Adults spawn 1.4 mm sized eggs in freshwater environments about 3 to 9 km upstream from the estuary (Ito 1959 (Ito , 1963 (Ito , 1964 Okada and Sasaki 1960; Okada et al. 1975 Okada et al. , 1976 Omi 1978b) . The larvae migrate to the estuary immediately after hatching carried by the snow-melt water during the following spring, and mature after 2 or 3 years of life in the ocean (Omi 1978a ). All of the fish are anadromous (Miyaji et al. 1976 ). On the other hand, Japanese smelt, which are distributed around the whole of Hokkaido, consist of anadromous and lake-resident types (Hamada 1961; Katayama et al. 1999) . Anadromous-type fish migrate to their natal stream and spawn 0.8 mm sized eggs in shallow streams from April to June (Shiraishi 1961; Torisawa 1999) . The general lifespan of the fish is 1 to 2 years (Utoh and Sakazaki 1983 Torisawa 1999) . For the artificial propagation of shishamo and Japanese smelt, larvae, obtained by artificial insemination, are released into the rivers or lakes through the drainage of hatchery waters (Iwai and Osama 1986; Kusuda and Teranishi 1996; Izuka 2003; Kitsukawa et al. 2003) . However, the efficiency of the propagation has not yet been accurately evaluated. It is necessary to first produce a lot of seed to perform a pilot release, in order to establish effective seed-release methods and to elucidate the effects of releasing hatchery seed.
Some shishamo and Japanese smelt hatcheries intensively culture eggs using upwelling flow-type acrylic and cylindrical jar incubators (Kusuda and Teranishi 1996; Kitsukawa et al. 2006 ). However, it was found that eggs cultured in the jar incubators showed low hatching rates (Takeda et al. 2002) . In a few shishamo smelt hatcheries, eyed-stage embryos are released into the river (Mizuno et al. 2004b (Mizuno et al. , 2005 before they hatch. However, the most appropriate time for releasing eyedstage embryos into the river is unknown.
In this monograph, I review research performed on the improvement of seed production techniques in salmonids and osmerids, with the aim to solve some of the problems mentioned above. In Section 2, three approaches to evaluating and improving the seed quality of hatchery masu salmon smolt are described. Section 3 reviews 2 studies on the development and application of techniques evaluating seed quality in hatchery masu salmon parr for spring juvenile release. Section 4 deals with 2 studies dealing with the establishment of techniques to monitor physical conditions and the elucidation of appropriate culture conditions in chum salmon fry. In Section 5, three attempts to develop techniques to improve survival rate in artificial propagation of shishamo and Japanese smelt were dedoi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved.
scribed. The final chapter describes the implications and perspective studies of the improvement of seed production techniques in salmonids and osmerids.
Evaluation and improvement of seed qualities in 1+ hatchery masu salmon smolts

2-1. Introduction
External smoltification is mainly characterized by the black pigmentation of dorsal and caudal fin margins due to the diffusion of melanin granules in melanophores and by body silvering due to the deposition of guanine on the skin (Ura et al. 1994) . A quantitative analysis of the body silvering have been developed in masu salmon (Chida and Kijima 1994; Ando et al. 2005) , amago salmon O. rhodurus (Kuwada et al. 2000) and Atlantic salmon Salmo salar (Duston 1995; Haner et al. 1995) . In contrast, quantification of the dorsal fin pigmentation has not yet been established in salmonids.
The most well-known internal changes occurring during smoltification is the development of seawater adaptability, which results from physiological and biochemical changes in the osmoregulatory organs such as the gill, kidney, intestine and esophagus (Clarke and Hirano 1995) . Seawater adaptability, which possibly reflects the survival of juveniles after their entry into seawater, is often raised as a reliable indicator to judge the internal quality of hatchery smolt seed. A seawater challenge test, which examines the change in serum Na + levels during a transfer from freshwater to seawater (Clarke and Blackburn 1977) , and gill Na + ,K + -ATPase activity (Zaugg and McLain 1971; Folmer and Dickhoff 1980; Boeuf and Harache 1982; Boeuf and Prunet 1985; McCormick 1993 ) are used to determine seawater adaptability. Until now, however, only the survival rate after the transfer from freshwater to seawater has been examined in the smolt seeds of masu salmon from hatcheries (Misaka et al. 1998b) . Some previous studies have pointed out the problems of hatchery smolt: seawater adaptability is low (Shrimpton et al. 1994a ), development of seawater adaptability is not synchronized with external smoltification (Wedemeyer et al. 1980) , and hormonal regulation related to the development of seawater adaptability is incomplete (Shrimpton et al. 1994b; McCormick and Björnsson 1994) .
Changes in metabolism are also generally accepted as an effect of internal smoltification. Metabolic changes during smoltification have been reported through metabolic enzyme activity, amounts of metabolites, and metabolic rates in Atlantic and coho salmon (O. kisutch) . In Atlantic salmon, standard and active metabolic rate is higher in smolts compared to parr (Maxime et al. 1989) . Atlantic salmon smolts have lower hepatic and muscle glycogen and increased blood glucose levels, which reflects an activation of glycolysis, absent in parr (Wendt and Saunders 1973) . Sheridan et al. (1985) demonstrated that the low hepatic glycogen content was caused by a combination of reduced glycogen synthesis and increased glycogenolysis in coho salmon smolts. Muscle phosphofructokinase activity, a glycolytic enzyme, was high during smoltification in Atlantic salmon (Leonard and McCormick 2001) . Citrate synthase activity, a citric acid cycle enzyme of liver, gill and kidney was enhanced during smoltification in Atlantic salmon (McCormick et al. 1989 ). In the gill and liver, the activity of respiratory enzymes increased during smoltification in Atlantic salmon (Langdon and Thorpe 1985; McCormick and Saunders 1987) . These previous reports demonstrate that the activation of glycolysis, and of the citric acid cycle, and the increase in respiration are notable metabolic changes which occur during smoltification. However, there was little information on changes in metabolism and metabolic enzymes during smoltification in masu salmon. Consequently, seed quality related to seawater adaptability and metabolism has not yet been sufficiently evaluated in masu salmon smolt.
Anadromous salmonid juveniles migrating from a freshwater to a seawater environment are prone to high mortality (Parker 1968; Healey 1982; Bax 1983) . One of the principal causes for this is predation by seabirds and large fish (Beamish and Neville 1995; Nagasawa 1998; Kawamura and Kudo 2000) . Individual survival, then, is dependent on swimming ability, in order to escape from predators (Jayne and Lauder 1993) . This swimming ability is more closely related to burst swimming, which expresses the sprint swimming in fish (Jayne and Lauder 1993) , rather than to critical swimming, which reflects sustained swimming. Burst swimming is powered by white glycolytic fibres that constitute the bulk of the myotomal mass and that depend on an anaerobic metabolism (Domenici and Blake 1997; Franklin and Johnston 1997) , whereas critical swimming principally relies upon aerobic red oxidative fibres (Bone et al. 1978; Gallaugher et al. 1995) . Burst swimming results in the production of lactate and H + by the muscle, which cause a marked reduction in plasma pH, as well as respiratory and metabolic acidosis (Turner et al. 1983; Milligan and Wood 1986) . In the rainbow trout O. mykiss, increases in blood hemoglobin (Hb) concentrations following burst swimming have been observed Wood 1986, 1987; Pearson and Stevens 1991) . The increased Hb concentrations have, in turn, been related to recovery from acidosis-induced fatigue (Milligan and Wood 1987; Wang et al. 1994) . It is plausible, therefore, that there is a relationship between concentrations of Hb and the burst swimming capacity in salmonids, but this hypothesis has not yet been tested. Woodward and Smith (1985) noted that hatchery salmon displayed a placid behavior and a poor swimming ability due to the rearing stress of high densities and low water flow. The swimming ability can be improved by chronic swimming exercises, resulting in increased Hb concentrations (Hochachka 1961; Burrows 1969; Zbanyszek and Smith 1984) . Furthermore, increased water flow results in improved swimming performance in hatchery masu salmon in a circular tank (Azuma et al. 2002) . However, it is often difficult or unpractical to extract enough water to generate a fast water flow or to make hatchery fish exercise in circular tanks, given the limited amount of utilizable water, and the fact that rectangular ponds are used by many Hokkaido Prefecture hatcheries. Accordingly, other methods must be developed to improve the swimming ability of hatchery fish. Increasing dietary iron is known to increase Hb concentrations in fish (Kawatsu 1972; Ikeda et al. 1973; Sakamoto and Yone 1978; Carriquiriborde et al. 2004 ), but its effect on burst swimming capacity has not yet been studied. Subsection 2-2 focuses on the establishment of a quantifying system for the black pigmentation of the dorsal fin margin during smoltification using image analysis and on the elucidation of the relationships between the dorsal fin pigmentation and gill Na + ,K + -ATPase activity. Subsection 2-3 deals with changes in the activities and transcription levels of several metabolic enzymes during smoltification, in both wild and hatchery fish, in order to show physiological qualities particular to hatchery smolt. In Subsection 2-4, differences in burst swimming capacity and physiological parameters other than those shown in Subsections 2-2 and 2-3 of both between wild and hatchery smolts, and the effects of diets supplemented with iron on these parameters in the hatchery smolt were investigated.
2-2. Development of techniques to evaluate dorsal fin pigmentation during smoltification
Smolting hatchery fish of the Donan Research Center of Salmon and Freshwater Fisheries Research Institute (SFRI) and smolting wild fish captured in the two rivers in Hokkaido were studied. One of the two rivers, the Ken-ichi River, was utilized for rearing the SFRIhatchery fish. After lethal anesthesia of the fish, the depressed portion of the dorsal fin membrane between the fourth and fifth soft rays ( Fig. 1) was observed with a light microscope. The grayscale digital picture of the portion was divided into black and white parts include all melanophores in the black part using an image analysis software (Fig. 2) . The dorsal fin pigmentation level was expressed as the percentage of the black part over the whole picture size. The level of dorsal fin pigmentation increased from January to May during smoltification in both stocks of wild fish and the stock of hatchery fish (P < 0.05, One-way ANOVA) ( Fig. 3) , reflecting the progress of exterior smoltification. The levels converged at around 83-84% in May, which is the peak time of downstream migration to the sea in wild masu salmon. Moreover, there was no significant difference in the peak level between wild and hatchery fish (P > 0.05, One-way ANOVA). These findings reveal the establishment of a quantitative system for dorsal fin pigmentation with a level of 83-84% being an appropriate indicator for external seed quality in hatchery smolt. SFRI-hatchery smolt is regarded as excellent seed based on dorsal fin pigmentation.
Gill Na + ,K + -ATPase activity increased from January to May during smoltification in all wild and hatchery fish (P < 0.05, One-way ANOVA) ( Fig. 4) . There were no significant differences in the activity between wild and hatchery fish at any given period (P > 0.05, Oneway ANOVA). These results suggest that the SFRIhatchery smolts have as high a seawater adaptability as wild fish. Figure 5 shows the relationship between dorsal fin pigmentation and gill Na + ,K + -ATPase activity in all fish. A positive nonlinear correlation was found between the level of pigmentation of the dorsal fin and gill ATPase activity in both the wild and hatchery fish (P < 0.0001, Spearman's rank correlation coefficient) ( Figs. 3, 4) . The period of increased dorsal fin pigmentation preceded that of enhanced gill Na + ,K + -ATPase activity in all fish. However, it has been generally accepted that external smoltification coincided with typical internal smoltification, such as the development of seawater adaptability, in other salmonids (Hoar 1988 fin pigmentation and gill Na + ,K + -ATPase activity is possibly particular to masu salmon. However, the peak of dorsal fin pigmentation coincided with that of gill Na + ,K + -ATPase activity. Therefore, we can use the level of dorsal fin pigmentation as an indicator in order to find the peak of smoltification in SFRIhatchery masu salmon.
2-3. Differences in metabolism between 1+ wild and hatchery smolts
Wild and SFRI-hatchery smolting fish were sampled at the same time. The river where the wild fish were caught, was also utilized for rearing the hatchery fish. Serum, gill and liver of the fish were sampled. Serum glucose concentration and hepatic glycogen content decreased during smoltification in wild fish (P < 0.05, One-way ANOVA), while the decrease was not found in hatchery fish (P > 0.05, One-way ANOVA) ( Fig. 6) .
Sampling time
Hepatic glycogen content of hatchery fish was significantly lower than in wild fish in March (P < 0.05, Student's t-test) (Fig. 6) . These findings reflect low glycogenolysis during smoltification and low use of glycogen as an energy source in hatchery fish. Moreover, a decrease in hepatic pyruvate kinase (PRK) activity was observed from April to May in hatchery fish (P < 0.05, One-way ANOVA), while there was no decrease in the activity at the same stage in wild fish (P > 0.05, One-way ANOVA) ( Fig. 7) . An increase in gill PRK activity during smoltification was revealed in wild fish (P < 0.05, One-way ANOVA), while it did not increase in hatchery fish (P > 0.05, One-way ANOVA) ( Fig. 7) .
These results suggest low glycolytic changes during smoltification and low use of glycolysis at the smolt stage in hatchery fish. Furthermore, this study discovered a temporal difference in increased hepatic citrate synthase (CS) activity between hatchery and wild fish, and the absence of an increased gill CS activity during smoltification in hatchery fish (P > 0.05, One-way ANOVA) ( Fig. 8) , which reveals that there is little change of the citric acid cycle at the smolt stage in hatchery fish. Hatchery smolt had lower liver cytochrome c oxidase (COX) activity compared to wild smolt in May (P < 0.05, Student's t-test), which possibly means that hatchery smolt cannot prepare for the activation of the hepatic respiratory chain before their seaward migration ( Fig. 9) . Liver and gill transcrip- tion levels of ATP synthase subunit 8 (AST) showed opposite changes between hatchery fish (decrease) and wild fish (increase) from April to May (P < 0.05, Oneway ANOVA) ( Fig. 10) . Another notable point is that there are temporal differences in the increase in liver and gill AST transcription levels between hatchery and wild fish. Hatchery smolt indicated lower AST transcription levels in the liver and gill in May compared to the wild smolt (P < 0.05; Student's t-test) (Fig. 10) . These findings suggest that hatchery fish cannot produce many respiratory chain enzymes before their seaward migration. The present study found that SFRI-hatchery masu salmon had some problems in the carbohydrate metabolism, citric acid cycle, and respiratory chain, which suggests that the hatchery fish may not be able to adjust to marine environments after migrating from the river to the sea leading to high mortality rates. Walton (1986) reported that low carbohydrate and high protein food intake induced low activities of glycolytic enzymes and the citric acid cycle in rainbow trout. Brauge et al. (1994) demonstrated that elevated digestible carbohydrate intake resulted in glycaemia in rainbow trout. These findings imply that the problem of SFRI-hatchery fish is caused by a low carbohydrate diet. Meanwhile, Leonard and McCormick (2001) have found that there were significant fluctuations and temporal differences between hatchery fish and wild Atlantic salmon of the liver β-hydroxyacyl-coenzyme A dehydrogenase, heart phosphofructokinase and white -test) . Asterisks reveal significant differences compared to the value of the same parameter in March within each group of fish (P < 0.05; One-way ANOVA). Cross marks indicate a significant change from the value of the same parameter one month before for the same group of fish (P < 0.05; Student's t-test). Modified from Aquaculture, 362-363, Mizuno et al., Changes in activity and transcript level of liver and gill metabolic enzymes during smoltification in wild and hatchery-reared masu salmon (Oncorhynchus masou), 109-120,  2010, with permission from Elsevier. muscle lactate dehydrogenase during smoltification, which indicated other metabolic problems in hatchery fish. McCormick and Björnsson (1994) have found higher levels of plasma cortisol, a stress-related hormone involved in stimulating or maintaining increased plasma glucose and gluconeogenesis, in hatchery smolt than in migrating hatchery smolt released into a stream, which may reflect that hatchery fish experience greater stress than wild fish. This consideration may demonstrate that metabolic problems of hatchery fish result from the stress of the artificial rearing environment such as feeding, artificial handling and high rearing densities. In addition, Misaka et al. (2004) elucidated that fasting induced a rapid decrease in hepatic glycogen in masu salmon, which suggests that the amount of food supplied impacts the hepatic glycogen content. Therefore, the small hepatic glycogen content of hatchery fish is possibly caused by stress related to low food supply in the present study. Acute handling stress, which often occurs during fish transportation in hatchery fish, induces a temporary increase in plasma cortisol and glucose levels (Carey and McCormick 1998) . These earlier results suggest the considerable increase in plasma cortisol levels related to handling stress disturbs the carbohydrate metabolism in the SFRIhatchery fish. Furthermore, high rearing densities resulted in reduced plasma levels of thyroid hormones and cortisol related to smoltification in smolting coho salmon (Patinõ et al. 1986 ) and in increased plasma glucose levels and low growth rate in rainbow trout (Procarione et al. 1999) . Carbohydrate metabolism is directly or indirectly regulated by not only cortisol but also insulin, glucagon and epinephrine in fish (Plisetskaya et al. 1988; Plisetskaya 1990; Vijayan et al. 1993) . Therefore, this consideration may reveal that predictable social stress related to high rearing densities disturbs the endocrine control of the carbohydrate metabolism in SFRI-hatchery fish. The best way to solve the metabolic problems of the hatchery masu salmon smolt is possibly to achieve an improvement of dietary quality, repletion, reduce handling and/or develop low density-rearing conditions. 
2-4. Development of techniques to improve the seed quality of 1+ hatchery smolts
In the "2003 experiment", 1+ SFRI-hatchery fish were divided into 3 groups of 40 fish in January. Each group was housed in a separate tank and fed to satiation either the same diet as that supplied before January (control), a feebly iron-enriched diet (iron-1) or highly iron-enriched diet (iron-2), respectively. The iron-1 and iron-2 diets contained 2.50 and 7.50 g iron citrate per kg dry weight of control food, resulting in mean total iron levels in the control, iron-1 and iron-2 diets of 7.96 × 10 2 , 1.51 × 10 3 and 3.17 × 10 3 mg/kg dry weight, respectively. Each of the 3 groups and smolting wild fish, which were captured in the river of SFRI, were sampled from January to May on the same days. In the "2004 experiment", forty thousand 1+ SFRI-hatchery fish were divided into 2 equal groups in February. The control diet was assigned to one group of fish, while the other group was fed the iron-1 diet. Each of the two groups and smolting wild fish were sampled as in the "2003 experiment". The sampled fish were used to calculate the condition factor (CF) (Bagenal and Tesch 1978) , measure burst swimming capacity and for the sampling of stomach remnants, blood, liver and white muscle.
A decrease of the CF in spring is generally accepted as a change related to smoltification in salmonids (McCormick and Saunders 1987) . In my study, the CF decreased during smoltification in all hatchery fish in 2003 and 2004, and wild fish in 2003 (P < 0.05, Oneway ANOVA), whereas it did not decrease in wild fish in 2004 (P > 0.05; Student's t-test) (Fig. 11 ). An ab-sence of decrease of the CF during smoltification sometimes occurs in wild masu salmon (Mayama 1992; Mizuno et al. 2004a ). This phenomenon can be related to the presence of insects, carried by snowmelt water in spring, in the stomach (Mayama 1992) . This study showed that hatchery smolt controls had low CF values with regard to the total iron content of the food remnants in the stomach (P < 0.05, One-way ANOVA) ( Fig. 12) , burst swimming capacity (P < 0.05, Oneway ANOVA) ( Fig. 13) , Hb concentrations (P < 0.05, One-way ANOVA) ( Fig. 14) and in the ATP content in white muscle and liver, compared to wild fish, in May (P < 0.05, One-way ANOVA) ( Fig. 15) . These findings reveal some new problems of seed qualities in the SFRI-hatchery smolt: a shortage of iron, low swimming ability, low oxygen-carrying capacity and low energy production. Woodward and Smith (1985) concluded that low swimming ability in hatchery rainbow trout was caused by a placid behavior and a rearing environment drastically different from the natural habitat. This explanation is also plausible for the SFRIhatchery smolt in high density conditions. Low Hb concentrations are generally observed during anemia due to dietary iron insufficiency in hatchery brook trout (Salvelinus fontinalis) (Kawatsu 1972 ) and yellowtail (Seriola quinqueradiata) (Ikeda et al. 1973 ). This consideration and the present results ( Fig. 12) point towards possible anemia due to an iron-insufficient diet. Sullivan et al. (1985) proposed that Hb changes electrophoretically (i.e., different gene products or different processing of Hb proteins) from immature forms to mature forms during smoltification in coho salmon. Therefore, it is possible that the low Hb concentrations on SFRI-hatchery smolt are attributed to insufficient changes in the Hb proteins during smoltification, because of low dietary iron content. Normal dietary levels of 100-250 mg iron/kg dry weight of food have been suggested for salmonids (Ogino et al. 1979; Desjardins et al. 1987; Andersen et al. 1996) . Iron levels in the diet of Atlantic salmon ranged from 51 to 515 mg iron/kg dry weight of food. It is evident that the iron level of the control diet (7.96 × 10 2 mg iron/kg diet) was high compared to the "normal" salmonid dietary iron content. In the present study, there were no differences in the survival rate among control, iron-1 and iron-2 groups in the "2003 experiment" or between the control and iron-1 groups in the "2004 experiment" (data not shown), which suggests no effect of the supplemented iron on survival. This is in accord with previous results in Atlantic salmon (Bjørnevik and Maage 1993; Andersen et al. 1996 Andersen et al. , 1998 and rainbow trout (Carriquiriborde et al. 2004 ). However, my study did show that iron-1 supplement (1.51 × 10 3 mg iron/kg diet), but not iron-2 supplement (3.17 × 10 3 mg iron/kg diet), improved burst doi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved.
swimming capacity ( Fig. 13) and increased Hb concentrations ( Fig. 14) (P < 0.05, One-way ANOVA). Increased Hb concentrations in response to a suitable iron supplement has been demonstrated in many fish (Kawatsu 1972; Ikeda et al. 1973; Sakamoto and Yone 1978; Andersen et al. 1997; Carriquiriborde et al. 2004) , whereas an excess of supplemented iron has induced lower Hb concentrations in rainbow trout (Standal et al. 1997) and Atlantic salmon . Excessive iron has been shown to lead to the oxidation of dietary lipids and/or polyunsaturated fats, adversely affecting the quality of the diet (Desjardins et al. 1987) . Baker et al. (1997) observed iron-induced hepatotoxicity following the accumulation of a lipid peroxidation product when diets were supplemented with iron sulfate (6300 mg iron/kg diet). Diets supplemented with iron sulfate (25 to 100, 175 to 1975 mg iron/kg diet) are effective in raising Hb concentrations to high levels in Atlantic salmon ) and rainbow trout (Carriquiriborde et al. 2004 ). Shiau and Su (2003) have revealed that iron citrate was only half as effective as iron sulfate in meeting the iron requirements of juvenile tilapia (Oreochromis niloticus). In contrast, Vielma et al. (1999) reported that citric acid stimulated the absorption of dietary iron. The effects of ironsupplements thus seem to depend on the iron source used, emphasizing the need to analyze the effects of a number of iron sources in order to develop a diet with suitable iron content for fish. ATP contents in the liver and the white muscle increased (P < 0.05, One-way ANOVA) ( Fig. 15) , when an iron-1 diet was administered. ATP is primarily produced by cellular respiration. Iron is an important element for the electron transfer chain, since it is essential for the tertiary folding of cytochrome, a protein playing a leading role in cellu-lar respiration. Furthermore, the activation of cellular respiration requires considerable concentrations of H + and electrons, which are provided in the form of NADH2 + or FADH2 from the citric acid cycle, which, in turn, depends on the concentrations of citric acid. Mammalian research has revealed that iron supplementation results in an increased ATP production in the form of cellular respiration and NADH2 + production by the citric acid cycle in vitro (Horst et al. 1999 ). If fish are assumed to have the same cellular energy metabolic system as mammals, supplemental iron citrate may trigger activation of both cellular respiration and the citric acid cycle, and increase the ATP content of the liver and white muscle.
This study revealed an improvement of burst swimming capacity after 3 months of iron-1 supplement (P < 0.05, One-way ANOVA) ( Fig. 13) , and a positive correlation between the burst swimming capacity and both Hb concentrations and ATP content in the white muscle before burst swimming (P < 0.05, Pearson's correlation coefficient) ( Fig. 16) . It is generally considered that burst swimming is exhibited by contraction of the white muscle. The contractile activity primarily depends on ATP generation from phosphocreatine and anaerobic glycolysis (Bone et al. 1978; Dobson et al. 1987; Altringham and Ellerby 1999) . After burst swimming, the ATP concentration in the white muscle decreases (Wang et al. 1994) . On the basis of the present results, it is suggested that the burst swimming capacity is dependent on the ATP content in the white muscle before burst swimming in masu salmon. Increased Hb concentration has been observed in a variety of species following burst swimming, and is related to the recovery from metabolic and respiratory acidosis during anaerobic glycolysis (Milligan and Wood 1987; Wang et al. 1994) . Acidosis depends on swimming speed, at least in yellowtail (Tsukamoto and Chiba 1981) . Cytochrome c oxidase activity in the white muscle shows the strongest correlation with burst swimming capacity, suggesting that aerobic preparation of white muscle facilitates a rapid contraction after burst swimming (Martínez et al. 2004 ). Thus, aerobic metabolism seems to be related to the recovery from burst swimming fatigue, and we suggest that this, in turn, depends on pre-swimming Hb concentrations. The improved burst swimming capacity seen after 3 months of iron-1 supplement therefore seems to be due to increased Hb concentrations and ATP content in the white muscle before burst swimming.
In the large-scale 2004 experiment, there was no significant difference in burst swimming capacity (P > 0.05, One-way ANOVA) ( Fig. 13) or in Hb concentrations (P > 0.05, One-way ANOVA) ( Fig. 14) between the iron-1 and wild groups in April and May. On the other hand, an absence of difference in the white muscle ATP content was found only in May (P > 0.05, Oneway ANOVA) ( Fig. 15) . These findings demonstrate that it takes at least 3 months during smoltification to completely improve swimming ability of SFRIhatchery fish using the iron-1 diet. In consequence, this section concludes that a supplement of 2.5 g iron citrate per kg of food for 3 months prior to release is a convenient method for improving the seed quality of smoltifying SFRI-hatchery masu salmon.
Development and application of techniques to
evaluate seed quality in 0+ hatchery masu salmon parr for spring juvenile release
3-1. Introduction
The success of the spring juvenile release program depends on the existence of sufficient food to sustain the growth of the juveniles in the stream. Growth and survival in stream juveniles are apparently densitydependent (Hume and Parkinson 1987) . Increased density of stocked fry and fingerlings can increase the mortality of wild juveniles by competition for food in streams (Lichatowich and McIntyre 1988) . Therefore, it is important to monitor the nutritional condition of the stocked juveniles in order to evaluate the advantages of the spring juvenile release program. In 0+ masu salmon, liver triglyceride (TG) contents, the storage lipid used as energy source in fish, are an appropriate index for the evaluation of the nutritional condition in wild and hatchery fish, since decreased TG levels were found by artificial starvation (Misaka et al. 2004 ). However, TG levels in the liver are not enough to assess nutritional condition of the stocked juveniles.
In the kidney and spleen of fish, there are cells called melano-macrophages that resemble macrophages in their ultrastructure, contain high amounts of melanintype pigments, and are thought to act in the metabolism of toxic compounds (Roberts 1975; Agius 1979) . In Osteichthyes, greater numbers of melanomacrophages are present than in taxonomically lower fish, including Agnatha and Chondrichthyes (Roberts 1975; Agius 1979; Wolke 1992) . In salmonids, melanomacrophages are randomly distributed and irregularly aggregated throughout the kidneys (Agius 1980) . It has been suggested that increased numbers of melanomacrophages were related to humoral and inflammatory responses, storage, destruction and detoxification of exogenous and endogenous substances, and iron recycling (Wolke 1992 ). Furthermore, it has been reported that starvation induces increased melanomacrophage density (MMD) in the kidney of some teleosts, including rainbow trout (Agius and Roberts 
1981
). However, the mechanisms which induce the changes are not well understood, and the relationship between MMD and mortality is unknown in salmonids. In Subsection 3-2, histological effects of artificial starvation on kidney MMD were observed to determine whether the MMD would be a useful indicator of the nutritional condition of wild and hatchery juveniles. Subsection 3-3 examined the relationships between liver TG content and kidney MMD levels, and between each of these 2 parameters and fish density from spring to summer in hatchery juveniles stocked into a stream in spring, in order to clarify whether MMD levels are a practical way to monitor the nutritional condition of the stocked juveniles.
3-2. Development of techniques to evaluate nutritional condition using kidney MMD levels in 0+ juveniles
0+ hatchery juveniles were released into a river where wild salmonids are not found in May. After 1 month, a part of the released hatchery juveniles were recaptured from the river. At the same time, 0+ wild juveniles were caught from a different river. The hatchery and wild juveniles were placed in separate tanks, and maintained without food under the same conditions. Hatchery and wild feeding-control groups were maintained in the same conditions over the two months of the experiment. Mortality rates were examined in each group, and fish were randomly sampled from each group during the experiment. The hatchery juveniles released in the river before the experiment were sampled as the experimental control. Kidneys were dissected from all samples. Paraffin sections of the kidney were observed with a light microscope. The MMD levels were expressed as the mean percentage of melanin granule area to whole kidney area.
All masu salmon had only melano-macrophages with dark brown pigments (Fig. 17) . Oguri (1976 Oguri ( , 1985 and Agius (1980) have reported both yellow lipofuscin pigments and dark brown melanin pigments in rainbow trout, and indicated that pigment composition in the kidney is sometimes variable between individuals of a single fish species. My results reveal that melanomacrophage of 0+ hatchery and wild fish have high levels of melanin. In addition, this study indicated that starvation increased MMD in both wild and hatchery fish (P < 0.05, One-way ANOVA) (Fig. 18) . Roberts (1978) and Agius and Roberts (1981) suggested that melano-macrophage centre enlargement during starvation was associated with damage to tissues, including kidney and spleen, in some fish. Therefore, it is suggested that the increased MMD levels in masu salmon were also caused by the acceleration of kidney catabolism during starvation. In mammals, increased deposition of pigments has been observed in various organs during cachexia (Dubin 1955 ), and appears to involve the peroxidation of polyunsaturated lipids of subcellular membranes (Chio et al. 1969) . However, it is unclear whether pigment formation during starvation in masu salmon is regulated by this same mechanism. It is well-known that various environmental factors affect MMD levels (Blazer et al. 1987) . Wolke (1992) has revealed that using MMD levels to monitor hyponutrition remains questionable because the actual reasons for increased MMD levels are uncertain. On the other hand, Mizuno et al. (2011) found significant correlations between kidney MMD and liver TG content. Therefore, it is considered that MMD reflects the nutritional condition of 0+ masu salmon. There were no significant differences in the MMD levels between the fed hatchery group and the group sampled from the river with respect to MMD levels on days 15 and 45 of the experiment (P > 0.05, One-way ANOVA) ( Fig.  18) . No significant differences in MMD levels (P > 0.05, One-way ANOVA) were found between hatchery and wild fish for either the fed or starved groups in the present study (Fig. 18) . In consequence, these results demonstrate that there are no effects of environ-mental factors or of the fish origin on MMD levels from spring to summer. It is important to note that mortality rate increases progressively in the starved groups of both hatchery and wild fish, while fish in both fed groups and the fish sampled from the river maintain low levels of mortality throughout the experiment (Fig. 19) . Increased mortality was observed between 30 and 45 days, when the mean MMD level reached 0.5% in the starved groups of both hatchery and wild fish. Therefore, these results demonstrate that a level of MMD of 0.5% could be potentially used as an index of ultimate hyponutrition in juvenile masu salmon.
3-3. Evaluation of nutritional conditions using kidney MMD levels in 0+ hatchery juveniles after release
There is a 550 m section between two dams on the Kami-Utabetsu River in southern Hokkaido (Fig. 20) , which wild masu salmon do not inhabit. Six sampling stations were established in this section to examine fish density and the nutritional condition of stocked juveniles (Fig. 20) . The surface area and maximum depth of stations during the experiment ranged from 3.49 to 100 m 2 and from 0.45 to 1.27 m, respectively. Previous to this study, no 0+ juveniles could be found in this section. On May 1, ten thousand 0+ hatchery ju- veniles were released at station 1 (Fig. 20) . On May 30 and June 30, fish were caught at each station. Fish numbers were estimated by the double-pass removal method (Seber and LeCren 1967) . Sampled fish were used for the analysis of kidney MMD levels and liver TG content. 0+ juveniles were recaptured at all stations in all sampling times except for station 5 on July 30. Estimated fish density ranged from 0.31 to 2.18 fish/m 2 in May and from 0.0404 to 1.96 fish/m 2 in July (Fig. 21) . Growth increments in wild and released 0+ juveniles are reported to decrease as population density increases (Nagata 1989) . Additionally, Hume and Parkinson (1987) reported that densities >0.7 fish/m 2 in a stream of British Columbia, Canada, resulted in increased mortality in rainbow trout, which may indicate that there are some juveniles in hypo-nutritional conditions in the present study. Mean kidney MMD was between 0.192 and 0.524% in May and between 0.299 and 0.503% in July (Fig. 21) . Mean liver TG levels were between 0.494 and 1.02% in May and between 0.408 and 0.787% in July (Fig. 21) . A significantly negative correlation was found between mean liver TG levels and mean kidney MMD levels (r = 0.601, P < 0.05, Spearman's rank correlation) (Fig. 22) . These results demonstrate that mean kidney MMD is a negative indicator of the nutritional conditions, from spring to summer of hatchery juveniles released into a stream. In juvenile masu salmon, the point at which dead fish are observed in the juvenile population in an artificial rearing environment, is at a mean kidney MMD > 0.5% (Mizuno et al. 2002) . In the present study, some juvenile populations are on the verge of death in May and July according to that MMD limit. Therefore, there is a possible death of juveniles in the population in a natural habitat. The correlation between fish density and MMD was significant in May and July (May: r = 0.504, P < 0.05; July: r = 0.592, P < 0.05; Spearman's rank correlation) (Fig. 21) . The correlation between fish density and TG levels were significant both in May and July (May: r = 0.567, P < 0.05; July: r = 0.339, P < 0.05; Spearman's rank correlation) (Fig. 21) . These results strongly suggest that the nutritional condition of released juvenile masu salmon depends on fish density from spring to summer. Measurements of MMD possibly contribute not only to evaluating the nutritional condition of juveniles but also to finding the appropriate amount of food supply to juveniles in hatcheries.
Establishment of techniques to monitor the physical condition and elucidation of appropriate culture conditions in chum salmon fry
4-1. Introduction
In chum salmon fry, rearing at high densities causes poor feeding and growth (Nogawa and Yagisawa 1994) and decreases seawater adaptability (Ban 2000) . A heavy mortality of fry, which is caused by a bacterial gill disease, has been annually reported in some hatcheries in Hokkaido (Nomura 1994) . The bacterial gill disease is due to an infection by Flavobacterium branchiophilum, which is observed in all water of fry cultures, after environmental deterioration due to high density culture (Borg 1960; Bullock 1972; Larmoyeux and Piper 1973) . It is important to monitor the aggravation of the physical condition in the fry caused by high density culture before the infection of F. branchiophilum, in order to prevent the incidence of the bacterial gill disease. However, a method to monitor physical conditions has not yet been established for chum salmon seed. It is commonly accepted that the Japanese standards of rearing conditions for chum salmon fry are <20 kg/m 3 for rearing density and >6 mg/l dissolved oxygen (DO) concentration (Nogawa and Yagisawa 1994) , which was determined according to a conversion formula of optimum rearing density for salmonid advocated by Westers and Pratt (1977) . However, this standard is not based on clear physiological effects. Therefore, the relationship between practical rearing conditions and the physical condition of the fry has not been shown.
In Subsection 4-2, the impacts of high density culture on a variety of physiological parameters were studied, in order to establish a method to monitor the physical condition of hatchery chum salmon fry. In addi- tion, physical condition was monitored in the fry produced by some hatcheries. Subsection 4-3 examined the relationships between rearing density, DO and physical condition of chum salmon fry in two hatcheries, in order to determine appropriate rearing conditions for chum salmon fry.
4-2. Development of techniques to monitor the physical condition of hatchery fry
Chum salmon fry were introduced into 3 tanks at densities of 10, 20 and 40 kg/m 3 . The three groups were reared for 42 days with food. Fry were sampled from the original tank at the initial time and from each of the 3 tanks on every seventh day. In the samples, CF was calculated after fork length and body weight (BW) were measured. The plasma and fish body were used for physiological analyses. At each sampling time, fish density, DO and un-ionized ammonia concentration (UIA) were measured in each tank. After the final sampling, tolerance to starvation was examined in each of the 3 groups.
A reduced BW was observed in only the 40 kg/m 3 group during the experiment (P < 0.05, One-way ANOVA) (Fig. 23A) . This phenomenon is supported by the majority of papers, which have demonstrated that there is an adverse effect of increasing density on growth in salmonids (Ellis et al. 2002) , possibly resulting from a reduction in food intake (Leatherland 1993; Alanärä and Brännäs 1996) and food conversion efficiency (Logan and Johnston 1992) owing to the deterioration of rearing conditions. It has been gener-ally accepted that rearing environments leading to a reduced growth in salmonids had rearing densities >50 kg/m 3 (Mäkinen and Ruohonen 1990) , DO levels <5 mg/l (Brett 1979) and UIA concentrations >40 µg/l (Maede 1985) . Moreover, the DO of the 40 kg/m 3 group was kept at >5 mg/l during the experiment (Fig. 24B) . The peak of UIA in the 40 kg/m 3 group was of only 0.552 µg/l, although the UIA increased in the 40 kg/ m 3 group during the experiment. In consequence, it is suggested that the primary environmental cause of the reduced growth in this study is rearing density, since only rearing density applied to the aforementioned conditions in the 40 kg/m 3 group (Fig. 24A) .
The results of the CF, a crude measure reflecting levels of energy reserves (Goede and Barton 1990) , demonstrated that 40 kg/m 3 culture conditions adversely affected the CF in chum salmon (P < 0.05, One-way ANOVA) (Fig. 23B) . This may reflect the results of the fasting-tolerance test, where the 40 kg/m 3 group showed significantly low tolerance to starvation compared to the 10 and 20 kg/m 3 groups (P < 0.05, Kaplan-Meier method followed by a Log-rank test) ( Fig. 25) . Many previous studies have reported an adverse effect of density on the CF in salmon species, with the exception of chum salmon (Pickering and Pottinger 1987; Mäkinen and Ruohonen 1990) . However, our study made it clear that high density cultures caused poor energetic reserves in chum salmon, much as in other salmon. It has been well documented that plasma cholesterol and glucose concentrations mirror the nutritional condition of fish (Kiron and Maita 2003) . In the present study, the 40 and 20 kg/m 3 group showed sig- nificantly lower plasma cholesterol (P < 0.05, One-way ANOVA) ( Fig. 26) and glucose concentrations (P < 0.05, One-way ANOVA) ( Fig. 27) after 21 days compared to the 10 kg/m 3 group. Leatherland and Cho (1985) reported that high density inhibited the increase in plasma glucose levels after feeding in rainbow trout, which resulted from a reduced ability to find food. Maita et al. (1998) found that there was a significant negative correlation between plasma cholesterol concentrations and mortality due to disease, in rainbow trout. These results imply that high density causes poor nutritional and physical conditions in chum salmon fry.
In the 40 kg/m 3 group, increased plasma cortisol levels, a part of the neuro-endocrine stress response, were observed (P < 0.05, One-way ANOVA) ( Fig. 28) , which demonstrated that high density causes the initial stress in chum salmon. Pickering and Pottinger (1987) reported that plasma cortisol levels were elevated in the first 6 and 10 days after exposure to high rearing density in brown trout (S. trutta) and rainbow trout, respectively. This information may reflect the fact the effects of density on the initial increase in plasma cor-tisol levels are species dependent. Corticosteroids, including cortisol, are potent immunosuppressants (Barton et al. 1987; Wedemeyer 1996) . North et al. (2006) found negative correlations between plasma cortisol levels and lysozyme activity, a non-specific immune trait with bacteriolytic effects, in rainbow trout. However, the 40 kg/m 3 group did not show high cortisol levels at 42 days (P > 0.05, One-way ANOVA) ( Fig. 28) , when plasma lysozyme activity significantly decreased (P < 0.05, One-way ANOVA) (Fig. 29) . These results demonstrate that prolonged stress due to high densities causes a decline in the immune system response, with no increased cortisol levels in chum salmon. Røed et al. (1993) and Balfry et al. (1997) revealed that there were species-specific variations in the stress-related lysozyme activity in salmonid fish. Therefore, the differences in the results between North et al. (2006) and this study may result from the different salmonid species considered.
In the present study, the 40 kg/m 3 group showed that both the fastest increase and the slowest decrease in the somatic ATP content during the experiment, while increased later in the 20 kg/m 3 group (P < 0.05, Oneway ANOVA) ( Fig. 30) . Increased ATP content has been observed in masu salmon transforming from parr into smolt (Mizuno et al. 2007 ) and nutritionally supplemented chum salmon fry (Mizuno et al. 2008) , which suggests that ATP content increases to satisfy the need for increased energy demand during the activation of metabolisms. However, my study found no evidence that increased ATP contents cooccurred with changes in plasma total cholesterol and glucose concentrations in the 40 and 20 kg/m 3 groups (Figs. 27,  28, 30) . On the other hand, an ATP-dependent system to excrete exogen substances has been found in teleost (Yanagi et al. 2004; Hirose and Nakada 2010) . Accordingly, the increased ATP content found in the present study may be linked with increased energy demands resulting from an increased excretion of exogen substances as a result of a poor physical condition. De-creased ATP content has been shown to stop mobility in the sperm of bluegill Lepomis macrochirus (Burness et al. 2005) . Therefore, the reduced ATP content found in the 40 kg/m 3 group may demonstrate decreased vitality before death. Our study demonstrated that the 40 and 20 kg/m 3 density groups had decreased AST transcription levels (P < 0.05, One-way ANOVA) ( Fig.  31) , one of the respiratory chain enzymes used to produce ATP aerobically. I suspect the respiratory-chain enzyme was negatively regulated by the ATP content, which is widely accepted in teleost (Burness et al. 2005) . However, less ATP content and low AST transcription levels were found at the same time in the 40 kg/m 3 group from 35 to 42 days (P < 0.05, One-way ANOVA) (Figs. 30, 31) . This discrepancy may reflect that high densities disturb the balanced regulation between ATP content and transcription levels of respiratory chain enzymes. Figure 32 shows a schematic representation of physiological changes during an acute aggravation of physical condition, which resulted from excessive rearing densities (>40 kg/m 3 ). Values of physical condition indicators should be stable in physically good conditioned fish. The four parameters designated in this figure were not influenced by the duration of the experiment in the 10 kg/m 3 group, which appeared to maintain the best physical condition during the experiment. It may be possible to estimate the physical condition of chum salmon fry using the stable parameter values of the 10 kg/m 3 group as a baseline, because there was no effect of these parameters on fry growth during my experiment in the 10 kg/m 3 group. The parameter base . The four parameters designated in this figure were not influenced by the duration of the experiment in the 10 kg/ m 3 group, which appeared to maintain the best physical condition during the experiment. The first sign of an aggravated physical condition was an increase in plasma cortisol concentration and an increase in somatic ATP content and decrease in ATP synthase (AST) transcription levels. lines, which show the range of the mean value of the parameter during our experiment in the 10 kg/m 3 group, are 11.4 to 19.4 ng/ml in plasma cortisol concentration, 8.16 to 21.0 pmol/g BW in somatic ATP content, 4.34 to 5.04 pmol competitor/µg total RNA in somatic AST transcription levels and 2.09 to 3.00 µg lysozyme/ l in plasma lysozyme activity. The first sign of a bad physical condition was an increase in plasma cortisol concentration, followed by a dramatically increased ATP content and decreased AST transcription levels. Thereafter, the ATP content decreased, and finally lysozyme activity decreased. The 20 kg/m 3 group, which was predicted to show a slower aggravation of physical conditions due to high density, showed an increased ATP content after 35 days and a decreased AST transcription level after 28 days. In contrast, increased cortisol concentrations and decreased lysozyme activity were not observed in the 20 kg/m 3 group, which demonstrated that cortisol concentrations and lysozyme activity were not reliable parameters for estimating the physical condition of chum salmon fry. Consequently, this suggests that somatic ATP content and AST transcription levels are key parameters for monitoring the initial aggravation of the physical condition of chum salmon fry resulting from rearing at high densities, before the appearance of decreased growth and immune functions. The standard values of the ATP content and the AST transcription levels are regarded as 8.16 to 21.0 pmol/g BW and >4.34 pmol competitor/µg total RNA, respectively. In order to routinely monitor the physical condition of hatchery fry for artificial propagation, hatchery fry were collected from 9 hatcheries (hatcheries I to IX) in different regions of Hokkaido, and wild fry were captured in southeastern Hokkaido in spring. Figure  33 shows the ATP content and AST transcription levels in the hatchery and wild fry. Mean ATP content and AST transcription levels ranged from 3.61 to 20.3 doi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved. pmol/g BW and from 3.05 to 12.6 pmol competitor/µg total RNA, respectively. According to the standard values of both ATP content and AST transcription levels, fry from hatcheries I and II were regarded as being in bad physical condition, whereas fry from hatcheries III to IX and wild fry were considered in good physical condition, which shows that ATP content and AST transcription levels lead to the same results. Therefore, these results strongly demonstrate that ATP content and AST transcription levels are reliable parameters for estimating the physical condition of chum salmon fry. 
4-3. Appropriate culture conditions for hatchery chum salmon fry
Some ponds, containing introduced chum salmon fry were chosen in α and β hatcheries in Hokkaido, in April. Water temperature, pH, DO, UIA and fry density were examined in each pond. Fry were randomly sampled from each pond for the measurement of BW and the analyses of carcass ATP content and AST transcription levels.
In this study, the water temperature and pH of the ponds ranged between 5.2 and 9.0°C and between 6.50 Body weight (n = 15), somatic ATP content (n = 5) and somatic ATP synthase transcription level (n = 5) shown as means ± standard errors.
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the two parameters of physical condition, rearing density and DO. The area regarded as a physically good condition for carcass ATP content (Fig. 34A) and AST transcription levels (Fig. 34B) , was mainly found at rearing densities <30 kg/m 3 and at DO levels >8 mg/l. Accordingly, these results demonstrate that appropriate rearing conditions for the culture of hatchery chum salmon fry in good physical condition were with rearing densities <30 kg/m 3 and with DO levels >8 mg/l.
Development of techniques to improve the survival rate during the artificial propagation of osmerids
5-1. Introduction
Naturally spawned eggs of both shishamo and Japanese smelt stick to the surface of fine gravel and/or aquatic plants in the bottom of the river with adhesive proteins on the surface of the "inverted adhesive membrane", a part of the egg membrane (Fig. 35A) . In intensive egg culture using jar incubators (Fig. 35B) , the egg adhesiveness is eliminated with a tannic acid solution treatment just after artificial fertilization (Waltemyer 1976) to prevent clumping of adhesive eggs, which causes high mortality accompanied by suffocation and fungal growth (Doroshof et al. 1983) . Adhesive proteins on the inverted adhesive membrane lose adhesiveness by treatment with tannic acid, which has functions in coagulating proteins. However, tannic acid-treated eggs show lower hatching rates. The low hatching rate is more conspicuous in the tannic acid-treated eggs cultured under iron-enriched environments (Takeda et al. 2002) . Therefore, it is necessary to establish new methods to eliminate egg adhe- for one day. Arrowhead shows the inverted adhesive membrane, a part of egg membrane. Scale bar shows 1.00 mm. Panel B shows 6l-jar incubators in Mukawa hatchery, southern Hokkaido. and 6.83, respectively ( Table 1) . The UIA concentration was <0.1 µg/l in all ponds and the mean BW of the fry ranged from 0.81 to 2.36 g. Prior to this study, I had suggested that there was no effect of differences in water temperature between 5 and 10°C and in fry BW between 0.7 and 3.0 g on the two physical condition parameters analyzed in this study (Mizuno et al. 2008 (Mizuno et al. , 2010b . In chum salmon fry, negative physiological effects (unbalanced ion regulation) due to acid water have first been found at pH 5.0 (Watanabe et al. 1995) . The lowest UIA concentration to show negative physiological impacts was 4 µg/l in salmonids (Maede 1985) . Therefore, this information suggests that there was no effect of the different water temperatures, pH, UIA and fry body size on the two parameters of physical condition in the present study. The means of carcass ATP content and AST transcription levels ranged between 8.00 and 1.25 × 10 3 pmol/g BW and between 3.52 and 14.2 pmol competitor/µg total RNA, respectively (Table 1). According to the standard values of ATP content (8.16 to 21.0 pmol/g BW) and AST transcription levels (>4.34 pmol competitor/µg total RNA), α hatchery fry were regarded as being in bad physical condition in Ponds A, B and C on April 7, in Ponds C, D, E and F on April 21, and as being in good physical condition in Pond B on April 14 and 21. The fry in Pond C on April 14 were considered in impaired physical condition, since the AST transcription level was out of the range of physically good condition, while the ATP content level was within this range. This finding suggests that declined AST transcription levels precede increased ATP content during the aggravation of physical conditions in chum salmon fry. β hatchery-fry were considered in good physical condition in all ponds. Figure 34 shows the relationships between each of doi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved.
insoluble in water as kaolin is. Therefore, it is also possible to utilize SSP as a material to eliminate egg adhesiveness. Some shishamo hatcheries have to transport and release eyed-stage embryos into rivers, because the water outlets of hatcheries do not connect with rivers allowing the release of seeds. Naturally spawned shishamo smelt eggs, attached to small gravel are forced to flow from the river to the sea by snow-melt water (Omi 1978b) . It is probable that eyed-stage embryos are exposed to seawater as soon as they are released. Accordingly, it is essential that only embryos with high seawater adaptability are released for the success of artificial propagation of shishamo smelt. It is well-known that there are many mitochondrion-rich cells, which play a main role in seawater adaptation after hatching, on the yolk sac membrane (Hayano et al. 1999) . However, it is not clear which embryo stage has the best seawater tolerance. In consequence, appropriate time for releasing eyed-stage embryos is unknown for the Hokkaido shishamo hatcheries.
Subsection 5-2 examined whether kaolin suspension treatment eliminates the egg adhesiveness and results in a high hatching rate under an iron-enriched environment in shishamo smelt. In Subsection 5-3, the effects of treatment using SSP suspension on eliminating egg adhesiveness and hatching rate in Japanese siveness in order to improve the hatching rate in osmerids. Previous studies have reported methods to eliminate egg adhesiveness with mud in Japanese dace (Triborodon hakonensis) (Nakamura 1962 ) and with river silt in white sturgeon (Acipenser transmontanus) (Doroshof et al. 1983 ). Egg adhesiveness is lost when the adhesive portion of the egg is completely covered with mud or silt just after artificial fertilization. On the other hand, mud and river silt are not edible and the public sentiment on food safety is rising year after year in Japan. It is therefore necessary to consider the adoption of food or food additives for the development of new methods to eliminate egg adhesiveness.
Kaolin, which is composed of Al 3 Si 2 O 5 (OH) 4 , is a natural mineral clay and a certified food additive for cosmetics and medicines. This powder is a potential material for the elimination of egg adhesiveness, as it has a very low solubility. In the meantime, the success of artificial propagation of the Yezo giant scallop, Patinopecten yessoensis, has led to the present-day dramatic increase of its catch in Hokkaido. Increasing numbers of scallop shells, which are discharged during scallop processing, are serious problems of industrial waste (Kono et al. 2000) . Some of the shells are crushed into a powder, which is used as a food additive for calcium supplements (Yamagishi et al. 2007; Liu et al. 2008) . The scallop shell powder (SSP) is as doi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved. ity during hatching and seawater tolerance of larvae were investigated. A large-number of fertilized eggs were equally divided into 3 groups treated by river water as non-treatment, 5.0 g/l kaolin for 5 minutes and tannic acid. In the non-treatment group, the eggs were stuck to the acrylic plates. Each of the 3 groups was placed in a small acrylic mesh bag and reared in a 100l jar incubator at the Mukawa hatchery until just before hatching. Eggs were periodically sampled from each of the 3 groups, observed under a light microscope and used to investigate survival rate, hatching rate, mortality during hatching and egg pressure.
Hatched larvae of each group were used for the experiment on seawater tolerance. Additionally, water from the Mukawa hatchery and from SFRI was collected to determine total iron concentrations. Observation of the eggs revealed that the inverted adhesive membrane does not invert in the kaolintreated eggs, as in the tannic acid-treated eggs (Fig.  36) . These findings suggest that suspended kaolin particles completely cover the adhesive portion of the egg before the membrane inverts. The borderline between inverted adhesive membrane and the egg membrane just after fertilization was evident in the kaolin-treated eggs but not in the tannic acid-treated eggs (Fig. 36) . Kaolin suspension treatment is a physical method of covering adhesive materials, whereas tannic acid treatment is a chemical method for solidifying the adhesive materials, as described by Kusuda and Teranishi smelt eggs were studied in order to demonstrate whether SSP is a useful material for eliminating egg adhesiveness. Finally, Subsection 5-4 investigated the development of seawater adaptability during embryogenesis to elucidate appropriate timing for the release of eyed-stage embryos in shishamo smelt.
5-2. Technique for eliminating egg adhesiveness using a kaolin suspension to achieve high hatching rates of shishamo smelt in an environment with a high iron concentration
The first experiment was performed to determine the appropriate kaolin concentration and treatment period for eliminating egg adhesiveness. All 25 individual kaolin concentrations (0.50, 1.0, 2.0, 5.0 and 10.0 g/l) and treatment periods (10 seconds, 1, 5, 15 and 30 minutes) were performed by adding a kaolin suspension to small-numbers fertilized eggs placed in 25 small acrylic plates. Treatments with river water (nontreatment) and a tannic acid solution were performed as experimental controls. After the acrylic plate containing the clump of eggs was laid on a petri dish, river water flowed gently over the dish. The rate of egg adhesiveness elimination is expressed as a percentage of the number of the eggs separated from the surface of the plate or dish over the total number of eggs. In the second experiment, the effects of the kaolin treatment on the survival rate of the eggs, hatching rate, mortaldoi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved. (1996) . Accordingly, it is suggested that the difference in the borderline appearance is caused by different mechanisms eliminating egg adhesiveness in kaolin and tannic acid treatments. In the first experiment, the kaolin suspension treatment showed a higher elimination of egg adhesiveness at a 5 g/l concentration for 5 to 30 minutes, and at a 10 g/l concentration for 10 seconds to 30 minutes, compared with the tannic acid treatment (P < 0.05, Chi-square test for independence) (Fig. 37) . In consequence, the most effective treatment is to use a kaolin concentration of 5 g/l and a period of 5 minutes to reduce the cost and labor required.
The total iron concentration in the river water of Mukawa hatchery was between 0.542 and 2.04 mg/l during this study (Fig. 38) . In the rivers of Hokkaido Prefecture, the normal concentration is of 0.1 mg/l or less (Atoda and Imada 1972) . According to Japanese standards on water quality for freshwater aquaculture, the suitable total iron concentration is also of 0.1 mg/ l or less (Japan Fisheries Resource Conservation Association 2000). Therefore, the high iron concentration in Mukawa hatchery is very peculiar. The total amount of iron on the surface of eggs increased during this study regardless of the treatment types applied to eliminate egg adhesiveness (P < 0.05, One-way ANOVA) (Fig. 39) . The amount of iron on the tannic acid-treated eggs was significantly larger than that on the kaolin-treated and the non-treated eggs, from February 25 to March 23, 2004 just before hatching (P < 0.05, One-way ANOVA). Therefore, these results demonstrate that the kaolin-suspension treatment reduces the amount of iron that binds to the egg surface compared with the tannic acid treatment. This variation between kaolin and tannic acid is probably due to difference in their chemical property: tannic acid can chemically bond iron, whereas kaolin cannot. Kaolin treated eggs showed significantly high hatching rates and low mortality during hatching compared to the tannic acid treated eggs (P < 0.05, One-way ANOVA) ( Figs. 40A, B) . However, there was no difference in the survival rate of eggs among kaolin treated, tannic acid treated and non-treated eggs on February 25 and March 1 and 23 (P > 0.05, One-way ANOVA). Accordingly, these results suggest that the low survival rate in the tannic acid-treated eggs is caused by an increased mortality during hatching. In the aquaculture of salmon, increased mortality during hatching is sometimes observed in the eggs with hardened membranes, produced after exposure of eggs with soft egg disease to a green tea treatment (Sasaki and Yoshimitsu 2008) . In the present study, the egg pressure in tannic acid-treated egg was significantly higher than that of non-treated eggs just before hatching (P < 0.05, One-way ANOVA) (Fig. 41) . This result reveals that the hardening of the egg membrane by the tannic acid treatment accounts for the increased mortality during hatching in this group of eggs. Takeda et al. (2002) discovered that an increased iron content on eggs is correlated with low hatching rates. Therefore, an increased amount of iron on the surface of the eggs is also possibly involved in the hardening of the tannic acid-treated egg membrane. Furthermore, there was no significant difference in the egg pressure between kaolin treated eggs and nontreated eggs (P > 0.05, One-way ANOVA) ( Fig. 41) , which reveals that kaolin suspension treatment does not raise egg pressure. Additionally, the present study showed no difference in the seawater tolerance of larvae among the 3 groups (P > 0.05, One-way ANOVA) ( Fig. 40C) , which shows that the kaolin treatment does not impact the seawater adaptability of larvae. In consequence, we found that a kaolin suspension treatment at 5 g/l concentration for 5 minutes is effective for eliminating egg adhesiveness and improving hatching rates in shishamo smelt.
5-3. Application of SSP as a material for eliminating egg adhesiveness in Japanese smelt
For the first experiment, a small-number of fertilized eggs were equally placed into seven acrylic dishes. Spring water (control), 5.0 g/l kaolin suspension and 1.0, 5.0, 10.0, 20.0 and 50.0 g/l SSP suspensions were poured into the seven dishes. All eggs were divided into two groups, adhesive and separated eggs, in the dish. The elimination rate of egg adhesiveness was calculated as the percentage of separated eggs over the total number of eggs in each dish. The eggs were cultured until completion of hatching and the hatching rate was examined in each group. For the second experiment, a large number of fertilized eggs were equally divided into four groups. Each of the four groups were treated with spring water (control), 5.0 g/l kaolin sus- pension, 5.0 or 20.0 g/l SSP suspension for 10 seconds and separately placed in small net bags. The four bags were kept in a 6l jar incubator. Eggs were sampled 20 days after fertilization for the analysis of survival and hatching rates and for observation with a light microscope.
The first experiments demonstrated that a treatment by more than 5 g/l SSP was effective in eliminating egg adhesiveness, compared to the conventional 5 g/l kaolin treatment (P < 0.05, Chi-square test for independence) (Fig. 42) . It is generally accepted that the solubility of kaolin in water is 10 mg/l at 25°C, which is quite similar to the solubility of CaCO 3 (15 mg/l) (Iguchi et al. 2001a) . The specific gravity of kaolin is 2.6 g/cm 3 (Iguchi et al. 2001b) , while that of SSP is 2.7 g/cm 3 . This information suggests that the physical properties of SSP resemble that of kaolin. The hatching rates after all SSP treatments were not significantly different from that after the kaolin treatment (P > 0.05; Chi-square test for independence) (Fig. 43) . This suggests that none of the SSP concentrations used had a bad influence upon the hatching rate.
Observation of the eggs showed that the inverted adhesive membrane was spread like a parachute in the control group, whereas it was rumpled in the kaolinand SSP-treated groups (Fig. 44) . These differences between the control and all suspension-treated groups probably reflect that SSP or kaolin stuck to the adhesive part and eliminated egg adhesiveness. Kaolin suspension treatment inverted the inverted adhesive membrane in Japanese smelt eggs in this study, while it did not invert the membrane in shishamo smelt (Mizuno et al. 2004b) . This difference between Japanese and shishamo smelt possibly depends either on variations in the characteristics of the proteins of the inverted adhesive membrane, in the speed it takes to invert the inverted adhesive membrane after fertilization and/or in treatment time.
In the second experiment, there were no significant differences in the survival rate and hatching rate among control, kaolin, 5 g/l and 20 g/l SSP (P > 0.05; Oneway ANOVA). These results demonstrate that SSP treatments can be practically used for the elimination of egg adhesiveness in intensive egg cultures using jar incubators. On the other hand, it is necessary to keep in mind the internal particulate damage in the use of minute particles such as SSP, which implies that the use of as few particles as possible is safer. Therefore, we should use a 5 g/l SSP treatment, which is the minimum SSP concentration for effective treatment, for the elimination of egg adhesiveness. 
5-4. Appropriate timing for the release of eyedstage embryos in shishamo smelt
The present study used eggs spawned naturally on the bottom of the tank by homing-migrating adults in Mukawa hatchery, which releases eyed-stage embryos into the Mukawa River. According to previous studies of the embryogenetic stages of shishamo smelt (Hikita 1958) , the embryogenetic stage was regarded as stage 15 when a lens appeared in the optic vesicles on February 10, stage 16 when the end of embryo's tail did not reach its head and the color of optic vesicles began darken on February 25, stage 17 when it's tail reached its head on March 10, stage 18 when the color of the optic vesicles darkened completely and the embryo tail overlapped its head on March 23 and stage 19 when the embryo moved in the egg and a silver color became distinct in the eyes on April 2 by observation with a light microscope (Fig. 45) . Stages 15, 16, 17, 18 and 19 corresponded to 133, 140, 154, 188 and 243°C in cumulative temperature, respectively. Live eggs in each stage were divided into 3 groups. Each group was put into either freshwater, 17.0 psu artificial brackish water or 34.0 psu artificial seawater. Hatching rate was examined in each of the 3 dishes. Additionally, live eggs were used for the analysis of Na + ,K + -ATPase activity at each stage.
Figure 46
indicates that the hatching rate increased significantly during embryogenesis in both 17 psu brackish water and 34 psu seawater. In response to the increased hatching rate, egg Na + ,K + -ATPase activity also increased significantly during embryogenesis (P < 0.05, One-way ANOVA) ( Fig. 47) . Correlation analyses between the hatching rate and Na + ,K + -ATPase activity showed there are significant unlinear positive correlations between these 2 parameters under both 17 psu brackish water and 34 psu seawater environments (17 psu: r = 0.903, P < 0.05; 34 psu: r = 0.833, P < 0.05; Pearson's correlation coefficient) (Fig. 48) . These results suggest that increased egg Na + ,K + -ATPase activity during embryogenesis is linked to the increased hatching rate in seawater environments during embryogenesis. Hayano et al. (1999) have reported that the activation of mitochondrion-rich cells on the yolk-sac membrane of embryos is linked to the development of seawater adaptability of the embryo of shishamo smelt, since immunoreactions against anti Na + ,K + -ATPase αsubunit were enhanced in the cells, and cell size became larger during seawater adaptation. The activation of mitochondrion-rich cells on the yolk-sac during seawater adaptation is also observed in chum salmon (Kaneko et al. 1993 ) and tilapia (Ayson et al. 1994 , Shiraishi et al. 1997 1958), which are one of the main osmoregulatory organs in fish (Payan et al. 1984) . Accordingly, increased egg Na + ,K + -ATPase activity in shishamo smelt is probably caused by the activation of Na + ,K + -ATPase on the yolk sac membrane. The hatching rate in freshwater was very high at all embryogenetic stages, with the brackish water and seawater groups showing lower hatching rates at most embryogenetic stages (P < 0.05; Chi-square test for independence) (Fig. 46) . However, the rates with 17 psu brackish water were equal to the rates of the freshwater group at stages 18 and 19 (P > 0.05; Chi-square test for independence) (Fig. 46) . Consequently, these results demonstrate that eyed-stage embryos of shishamo smelt have no complete 34 psu seawater tolerance at any embryogenetic stage, while they have perfect tolerance to 17 psu brackish water after stage 18. If eyed-stage embryos are released into the river for artificial propagation of shishamo smelt, we should release embryos after at least stage 18.
General discussion: Towards a sustainable artificial propagation of salmonids and osmerids
6-1. Implications of this monograph for artificial propagation
In Section 2, a quantitative system of dorsal fin pigmentation during smoltification was first established in smolting masu salmon, and a standard value was determined for the peak of smoltification (Subsection 2-2). The SFRI-hatchery smolts showed good seed qualities using dorsal fin pigmentation as external quality proxy and gill Na + ,K + -ATPase activity as internal quality proxy (Subsection 2-2). If the level of dorsal fin pigmentation is routinely examined in SFRIhatchery masu salmon, the hatchery workers can accurately determine the peak of smoltification without the slaughter of seed. On the other hand, Subsection 2-3 revealed that SFRI-hatchery smolt seed had some problems regarding the quality of the carbohydrate metabolism, citric acid cycle and respiratory chain (Mizuno et al. 2012) . Subsection 2-4 indicated that SFRI-hatchery smolt had defects in seed quality such as anemia, low energy levels and slow swimming performances. These problems were solved by supplying diets supplemented with iron citrate for 3 months prior to release (Subsection 2-4). At present, this technique is adopted to improve seed quality of the SFRIhatchery smolt. As a result of this, SFRI has succeeded in producing high-quality seed hatchery smolt. The improved hatchery seed are tentatively released from public hatcheries to confirm the effects of releasing the improved smolt on the recovery rate of adults. The upward tendency of the recovery rate is found in some hatcheries (Hokkaido Fish Hatchery 2008) . If positive effects of releasing improved hatchery seed on the recovery rate are confirmed, techniques to improve the seed quality of hatchery smolt will prevail among all hatcheries in Hokkaido. In addition, the author has also elucidated that diets supplemented with iron are effective in enhancing the metabolism of chum salmon (Mizuno et al. 2008) . Section 3 demonstrated that the mean level of kidney MMD is a practical indicator to reflect the nutritional condition from spring to summer in hatchery juveniles released by the spring juvenile release method (Subsections 3-2, 3-3). Subsection 3-3 showed that the nutritional condition of released hatchery juveniles has a negative correlation with fish density in the river. At present, this technique is applied to estimate the appropriate number of hatchery seed for spring juvenile release in each river by monitoring the nutritional condition of the seed after release (Mizuno et al. 2011 ). In the near future, this research should contribute to determining, from a scientific point of view, the appropriate number of hatchery seed to be released in all rivers of Hokkaido.
In Section 4, ATP content and AST transcription level were used as parameters to monitor the physical condition of hatchery chum salmon fry (Subsection 4-2). Monitoring the physical condition using these indices, Subsection 4-3 revealed that appropriate rearing conditions for chum salmon fry culture were rearing densities <30 kg/m 3 and at DO levels >8 mg/l. At present, these techniques are used to monitor the physical condition of chum salmon fry produced by some private hatcheries (Mizuno et al. 2010c ). If the physical condition of hatchery fry is diagnosed as being bad, the SFRI can coach the private hatcheries, so as to culture fry according to known appropriate rearing conditions. In Section 5, new methods to eliminate egg adhesiveness were established in order to improve the hatching rates, using kaolin in shishamo smelt and SSP in Japanese smelt (Subsections 5-2, 5-3). Furthermore, Subsection 5-4 showed that appropriate time for releasing eyed-stage embryo of shishamo smelt is from embryogenetic stage 18. At present, these techniques are commonly used by some private hatcheries of shishamo and Japanese smelt (Mizuno et al. 2010a) because the SFRI popularized the techniques through workshops. As a result of this, my techniques are connected with an improvement of the hatching rates and survival rates after release during the artificial propagation of osmerids.
Consequently, this section manifested that my studies can, in a practical way, contribute to the development of the artificial propagation of salmonids and osmerids.
6-2. Perspectives for studies on the improvement of seed production techniques
In masu salmon, it is important to find and resolve the physiological factors influencing seed quality, in order to provide more effective artificial propagation in the future. The author reported ultrastructural changes in gill mitochondrion-rich cells (Mizuno et al. 2000) , increased transcription levels of gill cortisol receptors (Mizuno et al. 2001a) , an increased number and increased hormonal regulation of kidney juxtaglomerular cells (Mizuno et al. 2001b, c) during smoltification in masu salmon. An impending study is to test the differences in these physiological parameters between hatchery and wild fish. Additionally, Maynard et al. (1996) reported that diets supplemented with aquatic insects can increase the post-release foraging effectiveness of hatchery chinook salmon (O. tshawytscha). Olla and Davis (1989) found that learning predation and not being handled enhanced predator avoidance in hatchery coho salmon. Munakata et al. (2000) suggested that post-release adaptation to the natural environment affected endocrine control by growth hormone and exocrine pancreatic activity. Thus, it is also necessary to study seed quality related to some physiological factors, social behavior, learning ability and the relations between endocrine factors and postrelease behavior, for the success of artificial masu salmon propagation. Additionally, high mortality in eyed-stage embryos (Misaka et al. 1998a ) and high sensitivity to viral and bacterial diseases (Kimura 1994; Yoshimizu 1994) are also notable problems in the seed of masu salmon. It is also important to elucidate whether these embryogenetic and pathological probdoi:10.5047/absm.2012.00504.0103 © 2012 TERRAPUB, Tokyo. All rights reserved. lems impact on the seed quality of masu salmon.
In chum salmon, production of the best physically conditioned seed will be desired in the future. The technique to monitor the physical condition of chum salmon fry is not always commonly used in all private hatcheries in Hokkaido. Accordingly, it is the coming challenge to simplify the techniques of that everyone can monitor the physical condition of fry. In addition, countermeasures against ectoparasitic protozoans (Urawa and Awakura 1994) and some bacterial diseases (Nomura 1994) are also notable assignments, because these diseases can not always be eradicated. It is also important to establish a treatment for these diseases and to clarify the impacts of the diseases on the physical condition of chum salmon fry.
In Japanese smelt, transplantation of eggs from Hokkaido to Honshu, the central part of Japan, has been performed until now (Ikeda 2008) . However, it has recently been suggested that the artificial propagation of osmerids possibly causes a decrease in the genetic diversity of wild osmerid populations (Ikeda 2008) . For the sustainable artificial propagation of osmerids, the propagation should be performed locally at first. Secondly, improvement of the seed quality should be more important than the increase in the number of released seed in future artificial propagation of osmerids. It is essential to establish techniques to perfectly evaluate seed quality in shishamo and Japanese smelt in the future. Additionally, egg saprolegniasis, which breaks out from dead eggs, has been a serious problem (Izuka 2005) and the provision for saprolegniasis is an urgent topic for the improvement of seed production techniques in osmerids. It is very important to study whether the new methods of eliminating egg adhesiveness prevent saprolegniasis.
Consequently, I conclude that it is essential for the sustainable artificial propagation in salmonids and osmerids to promote studies on the improvement of seed production techniques.
